The accurate detection and quantification of pathogenic viruses in water is essential to 13 understand and reduce the risk of human infection. This paper describes a two-step method suitable 14 for the concentration of viruses in water and wastewater samples. The method involves a tangential 15 flow ultrafiltration step that reduces the sample volume of 1-10 l to approx. 50 ml, followed by 16 secondary precipitation using polyethylene glycol 6000 that reduces the volume to 1-4 ml. For 17 method validation, water samples were spiked with different concentrations of enteric viruses and 18 viral recoveries in the concentrates exceeded 10% in all experiments. The method is suitable for 19 water samples with high and low salinity and turbidity, allowing the accurate comparison of viral 20 titers in a diverse range of water types. Furthermore, the method has the potential to concentrate 21 other pathogens, e.g. bacteria or protozoa. Hence, the use of this method can improve the holistic 22 assessment of risks associated with wastewater-contaminated environments. 23 24 mengovirus 25 26 157 cross-contamination between samples was observed. The method has also been successfully used for 158 viral recovery from high volumes (50 l) surface water for metagenomics applications [12].
Introduction

27
Enteric viruses (causing gastroenteritis) and other viral pathogens can be found in wastewater 28 and in wastewater-contaminated surface and groundwater reservoirs. As the infective doses of these 29 agents are low, concentration is needed to accurately quantify viruses in environmental waters and 30 determine public health risks. A great variety of methods are available for water concentration for 31 the recovery of viruses in wastewater and environmental water, however, many of those are not 32 suitable and/or have not been validated for high volumes of water samples or for different water 33 types. The most frequently used methods for the primary concentration of water samples are 34 filtrations using electronegative (EN) or electropositive (EP) filters [1, 2] . During EN and EP filtration, 35 the water sample passes through the filter while the virus particles bind to the surface of the filter 36 due to electrostatic forces. These methods have been shown to be suitable for the concentration of 37 viruses in water, however, their use may be limited to low turbidity samples, due to filter clogging 38 during filtration. Furthermore, the use of electronegative filters requires sample preconditioning (i.e.
39
lowing sample pH), whereas electropositive filters may not be suitable for high salinity samples, and 40 the elution of the virus particles from the filters may be difficult as well [1] .
41
Tangential flow ultrafiltration (TFUF) has been used for the concentration of a wide range of 42 water samples for the detection of various pathogens [1] [2] [3] [4] [5] . The main advantage of the TFUF 43 approach is that during filtration the water flow takes place in parallel to the membrane, hence 44 membrane clogging is less frequent compared to dead-end ultrafiltration and EN and EP filtration. 
47
This method describes an efficient, accurate and reproducible method for the concentration of 48 enteric viruses in surface water (fresh and seawater), and wastewater (treated and untreated) samples 49 ( Figure 1 ). The recommended starting volumes are 10 l for surface water and 1 l for wastewater 50 samples. The first step of the method is a TFUF step using a 100 kDa cut-off modified 51 polyethersulfone membrane. As described by others, the efficiency of the elution of the viral particles 52 from the membrane and the cleaning of the system was enhanced using sodium polyphosphate [4] .
53
The final volume of the sample after TFUF is approx. 50 ml. In order to elute viral particles attached 54 to solid matter in the primary concentrate, samples are further mixed with beef extract and then 55 centrifuged. Then polyethylene glycol 6000 (PEG 6000) is added to the supernatant and viral particles 56 are precipitated. These steps are based on a method for the elution and concentration of viral particles 57 from sediment [9, 10] . The resulting pellet contains the viral particles that can be eluted in phosphate 58 saline buffer (PBS) and the solution can be stored at -80 °C. The concentrate may be subject to nucleic 59 acid filtration, viral infectivity or integrity assays. 
105
The final volume of the concentrate is approx. 50 ml. 
111
Leave the membrane in the solution for at least 10 min prior to reuse. 
136
For pilot validation, 2 l of deionized water was spiked with of norovirus GII to reach the final 137 concentrations of 10 6 , 10 5 , 10 4 , 10 3 , 10 2 and 10 1 genome copies (gc)/l in duplicates. Samples were 138 concentrated using the two-step concentration method. Viral RNA was extracted from the pellet 139 (final volume: 50 µl) and quantified using qRT-PCR (sample volume: 2 µl) as described in Farkas et 140 al. [10] . High recoveries were observed in all norovirus concentrations (Table 1) . The high deviations 141 between replicates were result of the limitations of the qPCR method used for quantification. The 142 limit of quantification (LOQ) was 200 gc/l and the limit of detection (LOD) was approx. 50 gc/l. The
143
LOD and LOQ can be further lowered by the reduction of the RNA eluent volume and the increase 144 of the sample volume in the qRT-PCR reaction.
145 types. In the same study, the usefulness of the method for wastewater samples was also investigated.
153
Influent and effluent samples were taken in duplicates at four wastewater treatment plants. As the 154 samples were expected to contain the target viruses, samples were processed without spiking. High 155 viral concentrations were observed and the method showed great reproducibility as well. In 156 subsequent samples spiked with mengovirus, at least 10% recovery was observed. No inhibition or
